Introduction {#sec1-1}
============

Hawthorn (*Crataegus* spp.) is a member of Rosaceae family and has been recorded as a popular medicinal plant in most of the countries. Hawthorn extract is traditionally used for preventing and treating cardiovascular diseases including angina, hypertension, and congestive heart failure ([@ref1]-[@ref3]). During the last few years, hawthorn due to having other medical benefits such as lowering the plasma cholesterol and triglycerides attracted much attention ([@ref4], [@ref5]). Various constituents such as flavonoids, proanthocyanidins, and organic acids with remarkable biological activities including free radical scavenging, anti-lipoperoxidation and anti-inflammatory, have been isolated from different parts of hawthorn ([@ref6]). Meanwhile, previous toxicological studies indicated that the consumption of hawthorn fruit exerts little side effects ([@ref7]).

Hawthorn and hawthorn-derived products including its extract and dried fruit are used worldwide. There are various species of hawthorn, which is widely used as medicinal and food materials in the European countries, China and other countries. Among the countries, different species and diverse parts of hawthorn are used. For example, in most of the European countries, leaves and flowers of the grown hawthorn are used as herbal medicine, while in china hawthorn fruit is used for fresh consumption or for preparation of jam and juice ([@ref8]). Many studies have characterized the European and Chinese hawthorn species and demonstrated their biological activities, while there is lack of knowledge about the most common hawthorn species in Iran and its biologically active compounds. Hence, in this study we aimed to identify some of the bioactive constituents of the *Crataegus. monogyna* ethanolic extract from bark, leaves and berries. Thereafter, the hypocholesterolemic, antioxidant, and hepatoprotective effects of the extracts were examined in experimentally hypercholesterolemic rats. Moreover, the biological activities of extracts were compared with routinely used hypocholesterolemic agent of Orlistat, which inhibits intestinal lipase activity.

Materials and Methods {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

Oleanolic acid (OA, O 5504), Ursolic acid (UA, U 6753), Quercetin (QCT, Q 4951), Lupeol (LPL, L 5632), 2, 2-diphenyl-1-picrylhydrazyl (DPPH), butylated Hydroxytoluene (BHT) and 5.5'-dithiobis-2-nitrobenzoic acid (DTNB) were purchased from Sigma-Aldrich (Germany). Thiobarbituric acid (TBA), phosphoric acid (85%), dimethyl sulfoxide (DMSO), gallic acid, and Folin--Ciocalteu's reagent were purchased from Merck (Darmstadt, Germany). N-butanol was obtained from Carl Roth, GmbH Co. (Germany).

Serum levels of hepatic functional enzymes, alanine transaminase (ALT), aspartate transaminase (AST) and gamma glutamyl transferase (GGT) were determined spectrophotometrically using commercially available standard kits (ZiestChem Inc., Tehran, Iran). Serum lipids and lipoproteins, total cholesterol (TC), low density lipoprotein (LDL), high density lipoprotein (HDL) and triglycerides (TG) were measured using standard kits (ParsAzmun Inc., Tehran, Iran).

Plant material collection and Extraction {#sec2-2}
----------------------------------------

Hawthorn bark, leaves and berries were collected from east and west Azerbaijan, Iran during August to September 2012, and after identification by an expert botanist (Faculty of Basic Sciences, Department of Biology, Botanic Herbarium), the samples were air-dried. The seeds were removed from berries and different parts were individually ground using grinder for bark and leaves and a coffee grinder for dried berries. The individual powders from different parts of hawthorn were extracted using ethanol (70%), and after filtering through Whatman filter (No. 42), were concentrated using a vacuum evaporator (Heidelberg, Germany). In order to get fully dried products, the extracts were exposed to gentle stream of N~2~ gas.

Analysis and quantification of the triterpenic acids, quercetin and lupeol in the ethanolic extracts of bark, leaves and berries of hawthorn {#sec2-3}
--------------------------------------------------------------------------------------------------------------------------------------------

The triterpenic acids level (Oleanolic acid and Ursolic acid) was analyzed using reversed-phase high performance liquid chromatography (HPLC) according to previously described method with minor modification ([@ref5]). The HPLC analysis was performed on an Agilent 1200 HPLC system (Milford, MA, USA) equipped with a Quart pump (G 1311 A), an auto-sampler (G 1329 A), and a UV detector (VWD, G 1314 B). The extracts were dissolved in mobile phase and 20 μl of the dissolved solution was injected onto the column (Eclipse XDB-C 18, 5 μm, 4.6 mm × 15 cm) by using an auto-sampler. The mobile phase consisted of a mixture of 15% H~2~O, 85% methanol and 0.15% acetic acid. The eluent was eluted with a flow rate of 1 ml/min and was detected by a UV detector at 210 nm.

To determine the quercetin concentration of the extracts, previously validated method was used ([@ref9]). In brief, the separation of quercetin was made using an Eclipse XDB-C 18 column (5 μm, 4.6 mm × 15 cm). Elution by mobile phase consisting of methanol--distilled water--trifluoroacetic acid (700 + 300 + 1, v/v/v) was performed with a flow rate of 0.8 mL/min and the eluent was detected by a UV detector at 254 nm wavelength.

Lupeol was separated by using a phenomenex C18 column (250 × 4.6 I.D., 5 μm particle size) based on previously described method ([@ref10]). The extracts were dissolved in mobile phase consisting of acetonitrile and water (90:10, V/V), and then 20 μl of the dissolved solution was injected onto the column. The eluent was eluted with flow rate of 1 ml/min and was detected by a UV detector at 230 nm.

To identify the triterpenoids (OA and UA), quercetin and lupeol, we used pure standards to prepare calibration curves (0.01 to 5 mg/ml) and compare the peaks of the samples with those of the external standards at the same conditions.

Total Phenol measurement {#sec2-4}
------------------------

The total phenol content of hawthorn extracts was measured based on the Folin--Ciocalteu method as described previously ([@ref11]). Absorbance of each individual concentrations of extracts and the absorbance of gallic acid standard at concentrations of 0, 31.12, 62.5, 125, 25, 500, 1000 and 2000 mg/l, were determined at 765 nm against the blank. The total phenolic content was expressed as mg of gallic acid equivalents (GAE) per mg of extract, using a standard curve range of 0 to 2000 mg of gallic acid/l, giving an equation as:

Absorbance = 0.0117 gallic acid (mg/l) + 0.0229 (R^2^ = 0.9997)

Determination of radical scavenging activity {#sec2-5}
--------------------------------------------

To determine the radical scavenging activity of various concentrations of hawthorn extracts (0.2, 2, and 20 mg/ml), the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay was conducted as described previously ([@ref12]). DPPH in form of radical is dark purple-colored and has maximum absorbance at 515 nm; however, when it is reduced by antioxidant agents, the purple color changes to yellow and the absorption disappears. The change in absorption is proportional to the radical scavenging power of the test compound. Briefly, 50 µl of various concentrations of extracts was added to 4 ml of DPPH (0. 04 g/l) in methanol. The reaction was carried out in closed eppendorf tubes (5 ml) at room temperature for 30 min. The absorbance was measured at 515 nm using a Pharmacia LKB-Novaspec II spectrophotometer (Biochrom, England). The effect of butylated hydroxyanisole (BHA) at different concentrations (10, 100 and 1000 µg/ml) on DPPH was also measured to compare with that of extracts. The average of three times measurements was expressed as the percentage of antioxidant activity (AA) and calculated by using the following formula:

%DPPH = \[(Ab~515\ control~ --Ab~515\ sample~)/Ab~515\ control~\] × 100

Where Ab~515\ control~ is the absorbance of the control reaction, which contains all reagents except extract, and Ab~515\ sample~, is the absorbance of various concentrations of extracts.

Animals and experimental design {#sec2-6}
-------------------------------

Forty eight adult male Wistar rats (200-220 g) were obtained from the animal resource of the Faculty of Veterinary Medicine, Urmia University, Iran. The rats were in good health condition and were acclimatized for one week in animal house at 25 °C with a 12 hr light-dark cycle and had free access to food (normal chow diet containing 11% fat, 15% protein and 74% carbohydrate) and water. The high cholesterol diet (HCD) contained normal chow diet, supplemented with 4% cholesterol ([@ref13]). The experimental protocols were approved by the ethical committee of Urmia University in accordance with principles of laboratory animal care (AECUU/123/2011).

Animals were randomly assigned into six groups (n=8) including: control (C), non-treated hypercholesterolemic group (HC) and treated hypercholesterolemic groups. The later were divided into 4 subgroups and along with high cholesterol diet received bark (T1), leaves (T2), berries (T3) extracts (100 mg/kg/day, orally) ([@ref14]), and orlistat (T4) (10 mg/kg/day, orally) ([@ref15]).

All the control and test groups received the normal saline (5 ml/kg) and test compounds for 4 weeks (28 consecutive days). Before the experimental procedures, all animals were weighed individually and this procedure was repeated at the end of the study to evaluate any treatment-related changes in body weight gain.

Serum preparation and tissue samples collection {#sec2-7}
-----------------------------------------------

On day 29, after an overnight fasting, blood samples were collected via cardiac puncture under light anesthesia provided with diethyl ether. After 30 min at room temperature, the samples were centrifuged at 3000 ×g for 10 min to obtain the serum. The serum samples were then stored at -20 °C until further analyses.

The anesthetized animals were ultimately euthanized by using CO~2~ gas. The liver specimen were immediately removed and rinsed with chilled normal saline. One half of the liver samples were fixed in 10% buffered formaldehyde solution until histopathological examinations, and the second half was snap frozen in liquid nitrogen and kept in -70 °C until further biochemical analyses.

Determination of the serum level of hepatic functional enzymes {#sec2-8}
--------------------------------------------------------------

The serum levels of ALT, AST and GGT were measured using commercially available standard kits according to manufacturer's instructions.

Analyses of lipid profile {#sec2-9}
-------------------------

Serum samples were subjected to lipid profile analyses; therefore, the serum concentrations of total cholesterol, triacylglycerol, HDL-cholesterol and LDL-cholesterol were analyzed according to manufacturer's instructions.

Measurement of total thiol molecules (TTM) {#sec2-10}
------------------------------------------

Total sulfhydryl levels in the liver samples were measured as described previously ([@ref16]). Briefly, 0.3 to 0.4 g of the liver samples were homogenized in ice-cold KCl (150 mM), and the mixture was centrifuged at 3000×g for 10 min. Then 0.2 ml of the supernatant of the tissue homogenate was added to 0.6 ml Tris-EDTA buffer (Tris base 0.25 M, EDTA 20 mM, pH 8.2), and thereafter 40 µl 5.5'-Dithiobis-2-nitrobenzoic acid (10 mM in pure methanol) was added to the 10 ml glass test tube. The final volume of this mixture was made up to 4.0 ml by an extra addition of methanol. After 15 min incubation at room temperature, the samples were centrifuged (Roter-Uni II, BHG, Germany), at 3000 × g for 10 min, and ultimately the absorbance of supernatant was measured at 412 nm. The TTM capacity was expressed as nmol per mg of protein in samples. The protein content of the samples was measured according to the Lowry *et al* method ([@ref17]).

Malondialdehyde (MDA) determination {#sec2-11}
-----------------------------------

To determine the lipid peroxidation rate in the control and test groups, the MDA content of the liver samples was measured using the thiobarbituric acid (TBA) reaction as described previously ([@ref18]). Briefly, 0.2 to 0.3 g of the samples were homogenized in ice-cooled KCl (150 mM), and then the mixture was centrifuged at 3000 g for 10 min. Subsequently, 0.5 ml of the supernatant was mixed with 3 ml phosphoric acid (1% V/V) and then after vortex mixing, 2 ml of 6.7 g L^−1^ TBA was added to the samples. The samples were heated at 100 °C for 45 min, and then chilled on ice. After adding of 3 ml N-butanol, the samples were centrifuged at 3000 g for 10 min. The absorbance of supernatant was measured spectrophotometrically (Pharmacia, Novaspec II, Biochrom, England) at 532 nm, and the MDA amount was calculated according to the simultaneously prepared calibration curve using MDA standards. The amount of MDA was expressed as nmol per mg of protein. The protein content of the samples was measured based on Lowery *et al* method ([@ref17]).

Histopathological examinations {#sec2-12}
------------------------------

The liver samples fixed in 10% buffered formaldehyde, were dehydrated through a graded series of ethanol, cleared in xylene, and embedded in paraffin wax. Six µm thick sections were prepared using a rotary microtome and stained with Hematoxylin and Eosin for histopathological examinations under light microscope. To evaluate the level of damages followed feeding a HCD, indices such as congestion, thickening of vascular wall, bile duct hyperplasia, and vacoulation of hepatocytes in the liver were scored numerically. The evaluation criteria were as follow: 0: indicating no detectable lesion, 1: mild changes, 2: moderate changes and 3: severe changes. For each animal in the control and test groups at least three slides were prepared and scored. The histopathological studies were conducted by a pathologist who was unaware of the study purposes.

Statistical analyses {#sec2-13}
--------------------

The mean and standard deviation of the measured parameters were calculated. The results were analyzed using Graph Pad Prism software (version 2.01. Graph Pad Software Inc. San Diego, California, USA). The comparisons between groups were made by analysis of variance (ANOVA) followed by Bonferroni *post-hoc* test. For histopathological data, a non-parametric Kruskal-Wallis test was used. *P*\<0.05 was considered statistically significant.

Results {#sec1-3}
=======

In vitro antioxidant capacity analyses of hawthorn extracts {#sec2-14}
-----------------------------------------------------------

To evaluate the antioxidant potency of hawthorn extracts, the DPPH scavenging potency and total phenol content of various ethanolic extracts were measured. We found that the free radical scavenging potency of bark extract was higher than that of leaves extract followed by berries extract ([Figure 1-A](#F1){ref-type="fig"}). The total phenol content determination revealed that the highest phenol content belongs to the bark extract followed by leaves and berries extracts ([Figure 1-B](#F1){ref-type="fig"}).

![Diphenyl-1-picrylhydrazyl scavenging activities (A) and total phenol content (B) of different concentrations of hawthorn extracts](IJBMS-18-691-g001){#F1}

Hawthorn ethanolic extracts contains high level of lupeol {#sec2-15}
---------------------------------------------------------

The chemical compositions and the level of dry extracts yield of various extracts are depicted in [Table 1](#T1){ref-type="table"}. HPLC analyses showed that except UA, which was found at higher concentration in berries, the bark extract contains higher amount of OA, QCN and LPL. Among the analyzed components, we found the highest level of LPL in the bark extract and the lowest concentration of OA in the leaves extract.

###### 

Concentrations (mg/20 g) of oleanolic acid, ursolic acid, quercetin and lupeol in the dried extracts of hawthor

  Compound                Bark        Leaves         Berries
  ----------------------- ----------- -------------- --------------
  Hawthorn Powder (g)     20          20             20
  Dry Extract Yield (g)   2.4 (12%)   2.26 (11.3%)   4.1 (20.5 %)
  OA                      0.25        0.048          0.18
  UA                      0.218       0.122          0.56
  QCN                     3.07        2.39           0.92
  LPL                     13.7        3.09           0.87

OA, UA, QCN and LPL are abbreviation for oleanolic acid, ursolic acid, quercetin and lupeol, respectively

Hawthorn extracts and Orlistat lowered the HC-increased hepatic functional enzymes activities and the HC-increased ratio of hepatic/total body weight {#sec2-16}
-----------------------------------------------------------------------------------------------------------------------------------------------------

Exposing the rats to HCD for 28 days resulted in a remarkable elevation of the liver weight and consequently elevation of hepatic/total body weight ratio. Comparing the total body weight between the control group and the HC group revealed that body weight gain in a time-dependent manner was declined in the HC group. At the same time, the serum level of hepatic functional enzymes in the HC group increased significantly (*P*\<0.05). While administration of various hawthorn extracts and orlistat for 28 days in the rats both lowered the hepatic/total body weight ratio and also declined all three functional enzymes level in serum ([Table 2](#T2){ref-type="table"}). There is no significant difference between the potency of hawthorn extracts and orlistat.

###### 

Serum level of hepatic functional enzymes and the hepatic/total body weight ratio, n = 8 and mean values ± SD are given

  Groups      C               HC                T1                  T2                  T3                  T4
  ----------- --------------- ----------------- ------------------- ------------------- ------------------- -------------------
  H/TBW       0.030 ± 0.003   0.038 ± 0.001\*   0.033 ± 0.001^\#^   0.033 ± 0.002^\#^   0.031 ± 0.001^\#^   0.032 ± 0.003^\#^
  ALT (U/L)   36.3 ± 2.7      55.3 ± 3.8\*      41.8 ± 1.7^\#\#^    47.0 ± 3.3^\#^      42.8 ± 3.1^\#\#^    40.9 ± 4.1^\#\#^
  AST (U/L)   133.2 ± 5.5     193.1 ± 9.1\*     147.6 ± 4.0^\#\#^   161.9 ± 3.6^\#^     151.4 ± 8.9^\#\#^   143.9 ± 4.7^\#\#^
  GGT (U/L)   15.6 ± 2.8      23.2 ± 2.0\*      19.2 ± 1.0^\#^      19.8 ± 0.8^\#^      18.0 ± 1.7^\#\#^    18.4 ± 1.1^\#^

Stars indicate significant differences (

P

\<0.05) between the control and HC groups and \# and \#\# represent significant differences (

P

\<0.05 and

P

\<0.01, respectively) between the HC and treatment groups at the same column. H/TBW: hepatic/total body weight, ALT: alanine

In vivo antioxidant effects of hawthorn ethanolic extracts {#sec2-17}
----------------------------------------------------------

Two antioxidant biomarkers of lipid peroxi-dation rate and total thiol molecules level in the liver tissue were examined following 28 days either only exposure to HCD or exposure to HCD, and simultaneously administration of hawthorn extracts and/or orlistat. A significant (*P*\<0.05) elevation in the MDA level of liver tissue in the HC group was obtained, while all treated groups showed a remarkable and statistically significant (*P*\<0.05) reduction in the MDA level. There were no significant differences between those groups, which received hawthorn various extracts ([Figure 2A](#F2){ref-type="fig"}). Orlistat administration although could lower the level of HCD-induced MDA production in the liver; however, hawthorn extracts were able to reduce the MDA level statistically more than orlistat. At the same hepatic tissue samples, the level of thiol molecules as an indicator of antioxidant index was measured and the results indicated that TTM level was lowered in the HC group, while hawthorn extracts and not orlistat could protect from the HCD-induced TTM depletion in the liver tissue. The leaves extract exerted the strongest protective effect regarding the TTM level ([Figure 2B](#F2){ref-type="fig"}).

![Effect of hawthorn extracts on: (A) hypercholesterolemia-elevated malondialdehyde content and (B) total thiol molecules concentration in the liver; bars represent mean ± SD; n = 8 in each group. Stars indicate significant differences (*P*\<0.05) between the control and untreated hypercholesterolemic groups and \#s indicate significant differences between untreated and treated groups](IJBMS-18-691-g002){#F2}

Hypocholesterolemic effects of hawthorn ethanolic extracts {#sec2-18}
----------------------------------------------------------

Lipid profile assays indicated a significant elevation in TC, LDL and TG and reduction in HDL levels in the rats that received HCD, while concurrent administration of hawthorn extracts and/or orlistat with HCD could remarkably prevent from TC, LDL and TG elevation ([Table 3](#T3){ref-type="table"}). By contrast, both hawthorn extracts and the orlistat-treated animals showed an increase in HDL level albeit with differences. Hawthorn extracts administration resulted in a non-significant (*P*\<0.05) HDL increase compared to the HC group.

###### 

Effect of hawthorn ethanolic extracts and/or listat on lipid profile in experimentally-induced hypercholesterolemic rats

                               C        HC              T1            T2              T3              T4
  ---------------------------- -------- --------------- ------------- --------------- --------------- ---------------
  congestion                   0.0^a^   28.8 ± 0.4^b^   1.1 ± 0.3 C   1.4 ± 0.5 ^c^   2.1 ± 0.3 ^c^   0.9 ± 0.6 ^d^
  vacoulation of hepatocytes   0.0^a^   28.8 ± 0.4^b^   1.7 ± 0.5 C   2.2 ± 0.4 ^c^   1.2 ± 0.4 ^c^   0.6 ± 0.4^d^
  BDH                          0.0^a^   2.7 ± 0.5^b^    0.6 ± 0.4 C   1.2 ± 0.4 ^c^   2.2 ± 0.4 ^c^   0.9 ± 0.6^c^
  ICI                          0.0^a^   28.4 ± 0.5^b^   0.9 ± 0.3 C   0.8 ± 0.4 ^c^   1.3 ± 0.4 ^c^   1.3 ± 0.4 ^c^
  Pyknosis                     0.0^a^   28.9 ± 0.3^b^   1.9 ± 0.6 C   2.1 ± 0.6 ^c^   1.6 ± 0.5 ^c^   0.9 ± 0.6 ^d^

Stars indicate significant differences (

P

0.05) between the control amd sham groups and \# and \# represent significant differences (

P

0.05 and

P

0.01, respectively) between the sham and test groups at the same column

Ethanolic extracts of hawthorn improved the hypercholesterolemia-induced hepatic damages {#sec2-19}
----------------------------------------------------------------------------------------

The normal histological feature of the liver from the control (C) rats are depicted in [Figure 3-A](#F3){ref-type="fig"} and [3-B](#F3){ref-type="fig"}. Histopathological findings in the liver of HC animals represented congested blood vessels, bile duct hyperplasia, inflammatory cells infiltration (perivascular cuffing), highly vacuolated hepatocytes and pyknotic nuclei ([Figure 3C](#F3){ref-type="fig"}, and [3D](#F3){ref-type="fig"}). Administration of bark and leaves extracts although reduced the HCD-induced damages in the liver, there are however symptoms of congestion, perivascular cuffing and vacuolated hepatocytes ([Figure 3E](#F3){ref-type="fig"}, [3F](#F3){ref-type="fig"}, [3G](#F3){ref-type="fig"} and [3H](#F3){ref-type="fig"}, respectively). We found that 4 weeks administration of hawthorn berries extract could fairly improve the HCD-induced hepatic damages, and the liver looks normal ([Figure 3-I](#F3){ref-type="fig"} and [3-J](#F3){ref-type="fig"}). The orlistat--treated group showed remarkable reduction in the density of vacuolated hepatocytes, and other injuries compared to the HCD group ([Figure 3K](#F3){ref-type="fig"} and [3L](#F3){ref-type="fig"}). The observed histopathological changes in various experimental groups were scored in at least 3 slides for each individual animal, and the final score was calculated ([Table 4](#T4){ref-type="table"}).

![Histopathological findings of rat livers from different treatment groups. (A and B): Control, (C and D): hypercholesterolemic group (HC), (E and F): T1, (G and H): T2, (I and J): T3, (K and L): T4. a: congestion, b: bile ducts hyperplasia, c: inflammatory cells infiltration, d: vacoulation and e: pyknotic nuclei. \[H&E staining; (A, C, E, G, I and K ×100) and (B, D, F, H, J and L ×400)\]](IJBMS-18-691-g003){#F3}

###### 

Effect of Hawthorn's extracts on histological changes in the liver of hypercholesterolemic rats; mean values ± SD are given

  Groups        C            HC              T1                T2                T3                  T4
  ------------- ------------ --------------- ----------------- ----------------- ------------------- -------------------
  TC (mg/dl)    72.8 ± 2.7   100.1 ± 2.1\*   87.5 ± 2.1 ^\#^   90.5 ± 2.3 ^\#^   80.7 ± 3.1 ^\#\#^   75.2 ± 3.1 ^\#\#^
  LDL (mg/dl)   50.1 ± 2.2   81.2 ± 6.2\*    68.5 ± 1.2^\#^    70.8 ± 2.4^\#^    60.7 ± 3.0^\#\#^    54.3 ± 3.7^\#\#^
  TG (mg/dl)    35.2 ± 2.2   46.5 ± 2.4\*    42.8 ± 2.2        44.7 ± 1.3        41.1 ± 1.7^\#^      37.4 ± 1.7^\#\#^
  HDL (mg/dl)   15.7 ± 2.6   9.5 ± 1.2\*     10.3 ± 1.3        10.6 ± 2.5        11.7 ± 1.8          13.4 ± 2.3^\#^

abc:

values in same row with different superscripts differ significantly (P \< 0.05). BDH: Bile duct hyperplasia, ICI: Inflammatory cells Infiltration

Discussion {#sec1-4}
==========

This study showed that hawthorn ethanolic extracts exert antioxidant and hypolipidemic effects in both *in vivo* and *in vitro* systems. Our analytical studies revealed that all parts of hawthorn including bark, leaves and berries albeit with differences contain triterpenoids including oleanolic acid, ursolic acid and lupeol. Moreover, our results showed that the hawthorn extracts contains one of the important flavonoids namely quercetin. The hepatoprotective, antioxidant and hypolipidemic effects of hawthorn extracts were compared with orlistat as a chemical drug, which is used to reduce the cholesterol level.

In this study, we showed that hawthorn extracts have considerable phenol content, and interestingly a positive and strong association between phenol content and free radical scavenging potency of extracts was found. The concentration- dependent antioxidant capacity of hawthorn berries from *Crateagus pinnatifida* (*C*. *pinnatifida*) have been recently demonstrated in superoxide anion scavenging assay ([@ref19]). Another analytical study identified the major phenolic compounds of ideain, chlorogenic acid, procyanidin B~2~, epicatechin, hyperoside and isoquercitrin in Chines hawthorn ([@ref8]). Polyphenolic compounds due to having the capacity to act as electron donor are suitable substances in converting free radicals to stable chemicals. Therefore, hawthorn ethanolic extracts with high phenolic content could be powerful natural compounds, which may be used as free radical scavengers. Here we report the existence of polyphenol compounds not only in hawthorn berries, which already have been reported from the Chines and European hawthorns, but also in the leaves and bark of *C. monogyna* collected from the northwest area of Iran with strong antioxidant effects characterized with DPPH scavenging capacity.

To demonstrate any implication of *in vitro* anti-oxidant capacity of extracts, an *in vivo* experiment was conducted and beside the histopathological examinations, and hepatic functional enzymes measurement, two oxidative stress monitoring biomarkers were analyzed in the liver. Our findings indicated that hawthorn extracts albeit with minor differences all could reduce the HCD-induced lipid peroxidation, which measured with MDA level in the liver. This finding is in agreement with *in vitro* antioxidant capacity as the bark extract exerted the strongest anti-lipid peroxidation effect, suggesting a positive correlation between the polyphenol content of extracts and their *in vivo* antioxidant capacity. Orlistat also lowered the MDA production in the liver, suggesting that the cholesterol lowering approach also may result in anti-lipid peroxidation effect. It seems that the hawthorn extracts-induced antioxidant effect directly affected the liver, while orlistat indirectly attenuates the MDA production via reduction of cholesterol absorption. At the same series of experiment, the TTM level of liver was measured and results showed that hawthorn extracts and not orlistat protected from the HCD-induced TTM depletion. This finding may partly explain the stronger effect of extracts on MDA production than that of orlistat. The later analyses of serum lipid profile confirmed that the higher antioxidant potency of extracts in comparison to orlistat, related to dual action of extracts as hawthorn extracts both contain polyphenol compounds and flavonoids with strong antioxidant property and are able to reduce the TC, LDL and TG, while orlistat only improves the lipid profile. The exact mechanism based on which hawthorn extracts are able to reduce the TC, LDL and TG, and enhance the HDL remains to be clarified; however, alteration of digestive enzymes of the stomach and cholesterol metabolism in the liver following hawthorn consumption have been reported ([@ref20]). Orlistat as a lipase inhibitor also reduces intestinal absorption of saturated fat by 30% ([@ref21]). There are enormous published data indicating that hyperlipidemia or high cholesterol diet results in oxidative stress in various tissues or entire body as reported in this study. Therefore, hawthorn extracts with high antioxidant capacity and hypocholesterolemic effect, which relate to flavonoids and triterpenoids content of extracts, would be novel therapeutic compound for the treatment of patients with hyperlipidemia.

*In vitro* and *in vivo* antioxidant properties of hawthorn extracts led us to analyze the components of the extracts by HPLC. Among the others, the dominant constituent of all three extract was found to be lupeol with different percentages in various extracts. Lupeol, a pentacyclic triterpene has been isolated from different parts of various plants and trees such as *Himatanthus drasticus*, stem bark of *Crataeva nurvala* and *Calotropis gigantean* ([@ref22]-[@ref24]). Lupeol is found in common fruits such as mango, olive and fig, and due to its biological activities including anti-inflammatory, cardioprotective, cytoprotective, antimutagenic, antiarthritic, and antioxidant properties has received much attention ([@ref25]-[@ref27]). Our analytical studies indicated that all three parts of hawthorn have lupeol with maximum percentage in bark extract. At the same time, our *in vivo* studies showed that the strongest anti-lipid peroxidation effect was found for bark extract. This finding may suggest a positive correlation between the high percentages of lupeol content in bark extract with strong anti-lipid peroxidation effect. The protective effect of lupeol on cadmium-induced lipid peroxidation has been previously reported ([@ref25]). The anti-hyperlipidemic effects of lupeol have also been reported by previous studies in rats fed with high fat diet and also in cell culture model ([@ref28], [@ref29]). Another compound, which has been isolated from extracts, was UA, with the highest level in the berries extract. We found that the anti-hyperlipidemic effect of berries extract was significantly dominant than two other extracts. This finding is supported by the recently reported antihyperlipidemic effect of ursolic acid ([@ref30], [@ref31]). Moreover, it has been demonstrated that ursolic acid and oleanolic acid, the triterpenoid components of *C. pinnatifida* reduce the intestinal absorption of cholesterol via inhibition of intestinal acyl-coenzyme A:cholesterol acyltransferase (ACAT) activity ([@ref5]). It is likely that lupeol as a triterpenoid, due to similar chemical structure to ursolic acid and oleanolic acid could inhibit intestinal ACAT activity and contribute to hypolipidemic effects of hawthorn extracts.

The hepatic function and histological structure were examined through the assessment of hepatic functional enzymes in serum and the liver structural changes in histopathological studies. Our findings showed that the ratio of liver to entire body weight and also the serum levels of hepatic functional enzymes (ALT, AST and GGT) were significantly elevated in the animals that received HCD compared to the control group, suggesting a severe hepatomegaly and abnormal functioning of the liver. These abnormalities in the hepatic weight and functional enzymes were supported by structural disorders such as vacuolated hepatocytes with pyknotic nuclei in the liver of animals with high cholesterol diet. Many previous studies have shown that the high fat diet in rodent resulted in a hepatic steatosis, fibrosis and hepatic necrosis ([@ref32]). The serum level of hepatic functional enzymes and in particular alanine aminotransferase are used as reliable biomarkers in clinical evaluation of non-alcoholic fatty liver diseases. Since ALT is produced in hepatocytes; therefore, its alteration can serve as an indicator of hepatocytes injuries. Serum levels of ALT, AST and GGT in the current study are positively associated with histopathological damages in the liver and the serum lipid profile as well. It is well known that there are positive correlation between an accumulation of free cholesterol and the endoplasmic reticulum stress induction, which eventually results in hepatocytes apoptosis ([@ref33], [@ref34]). The histopathological symptoms such as abundant hepatocytes with pyknotic nuclei, which are reported in this study, may support partly the HCD-induced hepatocyte apoptosis. On the other hand, the hepatic functional enzymes, serum lipid profile and the liver histopathological examinations in the animals that received various extracts, showed relatively to fully recover from the HCD-induced alterations. Our results revealed that the hawthorn extract possess considerable amount of quercetin, which its hepatoprotective effects on the CCL~4~ and acrylonitrile-induced hepatotoxicity have been well documented ([@ref35], [@ref36]). The protective capacity of hawthorn bark extract is comparable with that of orlistat. These strongly related items indicate that likely hawthorn extracts hepatoprotective effects attribute to their high level of polyphenol contents, their considerable free radical scavenging potency and their orlistat-comparable hypolipidemic capacity.

Conclusion {#sec1-5}
==========

This study showed that hawthorn extracts with high level of polyphenol content, strong antioxidant capacity and having triterpenes such as lupeol, oleanolic acid, ursolic acid and flavonoids like quercetin exert hypolipidemic and hepatoprotective effects. Moreover, the hepatoprotective effects of extracts likely attribute to their antihyperlipidemic properties, which results in improvement of the HCD-induced damages and lowering the lipid peroxidation in the liver.

The results described in this study were part of student thesis that was conducted at Urmia University, Urmia, Iran.
